Objective − The aim of the research was to show the occurrence and persistence of measles morbidity over a twenty year period in the area of the Central Bosnia Canton (Bosnia and Herzegovina). 
Introduction
Measles is a highly contagious virus disease. An infected person becomes infectious one day after the prodromal period, right up until the rash fades. In this period, patients are extremely infectious, because it is possible in only one hour to transmit more than 5000 infectious measles virus particles through secretions, with the highest contagion index of 95%. The measles virus survives in an external environment for up to two hours (1) . With the introduction of the vaccine, the number of cases of measles began to fall, and that trend continued with the increase in coverage by vaccination (2) . However, measles epidemics continue to occur in Europe, so it is necessary to increase efforts to eliminate measles from the region (3) . Measles are still an important cause of global mortality, as stated in the joint document: "GIVS: Global Immunization Vision and Strategy 2006-2015" adopted by the key stakeholders: The World Health Organization (WHO), the United Nations (UN) and UNICEF (4) .
As well as a reduction in mortality, most WHO regions have set goals to eliminate measles and report on the progress achieved (5) . Many countries have achieved the continuation of a reduction in the incidence of mortality, and have even eliminated the endemic disease (6) . However, there have been many reports published recently on epidemics of measles in countries with a high level of coverage by vaccination, and the CDC and WHO confirm that the incidence of measles in the world rose in 2010, due to major epidemics in some regions (6, 7) .
In countries with a low incidence of measles, the strategy of elimination usually includes an urgent response to a single registered case, including confirmation of the diagnosis, the search for contacts and post-exposure prophylaxis. Post-exposure prophylaxis may also be vaccination, which is effective at the beginning of the illness, if it begins within 72 hours from exposure, or it may include passive immunization with immunoglobulin, especially outside that 72-hour window (8) .
The aim of this research was to show the occurrence and persistence of measles morbidity in the area of the Central Bosnia Canton (Bosnia and Herzegovina) in a twentyyear period.
Materials and methods

The field of the research
The Central Bosnia Canton is an administrative unit of Bosnia and Herzegovina. It is located in the central part of Bosnia and Herzegovina, with an area of 3189 km 2 and a population in 2015 of 251,714 inhabitants, of which 58,021 are children aged between 0 and 18 years (9). In 2015 there was a total of 1965 live births, the birth rate is 7.8%, whilst the natural growth rate of the population is negative − at 1.25‰ (10) .
Subjects and Methods
The research was retrospective, relating to the period from 1997 to 2017. The sample covered a total of 35,199 children, aged from 0 to 18 years, living in that period in the area of four municipalities in the Central Bosnia Canton (Travnik, 12,677; Novi Travnik, 6333; Vitez, 7406, and Bugojno, 8786). The sources of data for inclusion of children suffering from measles were: registration of infectious diseases in the existing documentation of the Institute of Public Health of the Central Bosnia Canton, the municipal epidemiological data on trends in infectious diseases, immunization plans and reports, and medical histories from the Canton Hospital in Travnik, where children suffering from measles were treated.
Data on the incidence of measles were analysed regarding sporadic and epidemic trends of the disease, and the number of affected children in relation to age, place of residence (village/town) and vaccination status. The diagnosis of measles was made on the basis of medical history and clinical findings, according to the WHO recommendations (11) . Adequate immunization against measles was defined as documented evidence of vaccination at the age of 13 months, and re-vaccination at 6 years. The results obtained are shown in absolute and relative numbers. 
Results
In the period from 1997 to 2016, on average 36 cases of measles occurred each year. In thirteen of those years no cases of the morbidity were registered, but in five years the disease appeared sporadically: 1999 (three cases); 2000 (one); 2003 (one); 2005 (two); and 2009 (one). However, in this period two epidemics occurred: the first in 1997 with 77 affected children, with an incidence rate in the population under consideration of 218/100,000; and in 2014 with an explosion of measles morbidity, when 639 sick children were registered (1815/100,000). The average coverage with the first dose of MMR 1 (measles, mumps, and rubella) vaccine in this area over the past twenty years was 86%, and the poorest results were achieved in 2004, with 64%. The average coverage with MMR 2 was 84% (Fig. 2) .
In the period under consideration a total of 716 children were affected by the two epidemics. The first epidemic began in March 1997 and lasted for 5 months. Of the total of 77 affected children, 23 or 29.8% were of pre-school age (0-6 years), whilst the remaining 54, or 70.2%, were of school age (7-18 years). Four cases were recorded in children younger than thirteen months. During the major epidemic in 2014, mainly older children were affected. The epidemic, which began in the municipality of Bugojno as the result of an imported virus, spread explosively in a short period to cover the entire Federation of Bosnia and Herzegovina, where in 2014 a total of 3426 affected children were registered, and in 2015 an additional 1677 (12) . In the Republika Srpska, the epidemic began two months later, and 1,622 individuals were affected in 2014, whilst in 2015 there was a total of 2410 children (13).
In relation to the two age groups considered, 192, or 30.05%, of the patients were pre-school children, whilst 447, or 69.95%, were of school age (Table 2) .
Children from rural areas were more frequently affected (56%) than those from urban areas (44%) of this region. In relation to the vaccination status, the cohort of affected children aged from 1 to 18 years was consid- ered. The largest number of children had not been vaccinated, that is 693 (95.85%), 19 or 2.62% were incompletely vaccinated, whilst only 11 or 1.52% were completely vaccinated. Boys were affected slightly more (54%) than girls (46%). The first three cases of measles during the epidemic in 2014 (Bugojno) were confirmed by the European Regional Reference Laboratory for Measles and Rubella in Luxembourg, where it was established that it was the D8 genotype of the virus. Of the total number, 43 (6.72%) children suffering from measles were hospitalized. During the epidemic no deaths were recorded which could be related to measles.
Discussion
In the period in question, the occurrence of measles varied. The disease mainly occurred sporadically/endemically, but twice it had the character of an epidemic. The 1997 epidemic was shorter and affected fewer children than the epidemic in 2014. In 2014, the epidemic wave spreading over the entire area of the Central Bosnia Canton was the most severe in the seventh and eighth weeks from the appearance of the disease, whilst the largest number of sick children were registered in the following two weeks. The target coverage by MMR 1 (≥95%),which would guarantee the interruption of the endemic persistence of the measles virus (14, 15) In the remaining years, omissions were recorded in coverage, which ranged from 31% in 2004 to 2% in 2015 (average 7.85%), so a significant number of sensitive children were not vaccinated, which led to a weakening in collective immunity, that is, to the situation where a major risk exists of the appearance of an imported virus, of a different genotype, which may cause the occurrence and spread of measles (16) . That is to say, in areas where vaccination and re-vaccination are achieved of up to 95% of children against measles, there is a low probability that the measles virus of a "local" genotype will appear and persist (17, 18) .
In the 2014 epidemic, the first recorded cases of patients with measles were registered in a family from Bugojno, whose children had spent time in Western Europe (Germany and Italy) during their winter school holidays. In the elementary school the affected children attended, there was an epidemic explosion in February 2014, and in the following two weeks the epidemic spread to other parts of the Central Bosnia Canton.
The measles virus of genotype D8, which was demonstrated in our patients by genotyping, and was shown by epidemiological research to have been imported into Bosnia shows that even after a long period of time with no registrations of the disease, the reappearance of measles is possible, and the virus very easily finds individuals and vulnerable groups in the population, causing occasional minor or major epidemics, during which fatalities are also registered (20, 21, 22, 23) . This virus was also responsible for the measles epidemic in Berlin, which began in October 2014. The index case in this epidemic was a child, an asylum seeker from Bosnia and Herzegovina, and the disease later spread to the general population (24) . Again, in the occurrence of measles, including 47 unvaccinated cases in the region of Alsace (France), the index case was a pupil who had probably been exposed to measles in Berlin, during a school trip, after contact with a confirmed case whilst staying in a German family. In view of the very low coverage by vaccination of pupils in the school, the virus spread easily (24) . The Austrian Public Health Department reported 152 cases of measles between 1 January and 21 April 2015. Five cases were believed to have been imported from abroad: two from Germany, two from Bosnia and Herzegovina, and one from India. Genotype D8 was linked to the epidemics in Bosnia and Herzegovina and Berlin, and was identified in 31 tested samples (24) .
The European Regional Verification Commission for Measles and Rubella Elimination, in its report of October 2015, reported that in 32 states (of 53), endemic transmission of measles had been interrupted (report for 2014). Of these countries, 21 had achieved a "sustainable interruption", with three consecutive years without a single case of the disease, and as a result it was deemed that the endemic transmission of the disease had been eliminated (25) . Despite this progress, due to several major epidemics, the number of registered cases of measles in the European region almost doubled in 2015 (30, 762) in comparison with the number of cases reported in 2014 (16, 156) . Neighbouring Croatia reported the highest rate (51.6 cases per million) in 2015 (25) .
It is characteristic that the epidemic in 2014 in the Central Bosnia Canton began explosively in urban areas, primarily in schools, and then it gradually moved to rural areas, where it remained longer, seeking out vulnerable individuals. Research in India during a measles epidemic in 2011 showed a higher rate of illness in a rural area (the village of Gorkhi with 44/1000) in comparison with an urban area (27/1000) (26) . On the basis of data collected in 40 African countries in 2002-2009, it was found that 33% of the patients came from urban areas and 67% from rural areas (27) .
Boys were more vulnerable; they fell ill more often and were more often hospitalized than girls. The results of the epidemic in Austria, at the beginning of 2009, show that of 78 cases, 49 (63%) were boys and 29 (37%) were girls (28) . The Public Health England (PHE) Centre of Infectious Disease Surveillance and Control also reported a larger number of affected boys than girls in the epidemic from 2011 to 2014 (29) .
When the epidemic broke out, a strong campaign was launched on the importance of immunization, including health professionals, education workers, the media and religious officials. Thanks to that campaign, the target coverage with MMR 1 (96%), and MMR 2 (95%) was achieved (Fig. 2) . However, already in the following years, there was a fall in the coverage as the result of the many years of a negative perception of immunization, mentioned in research by Larson HJ et al. (30) , who found that in Bosnia and Herzegovina 36% of subjects expressed a lack of confidence in the safety of vaccines, and Bos-nia and Herzegovina is in second place after France, where the lack of confidence in vaccines is at 41%.
As part of the anti-epidemic measures, immunization has been intensified using the MMR triple vaccine in routine immunization, data are collected, children are invited who previously missed the dates for MMR 1 and MMR 2 vaccinations, and a decision has been rendered to lower the age for MMR 1 to 6 months, and to make it possible to receive MMR 2 up to 18 years of age, when it was missed. For all children who were immunized earlier, the obligation remains to receive a booster vaccination between fifteen and twenty-four months of life.
During the epidemic in the Central Bosnia Canton, no deaths were recorded which could be related to measles. However, in 2014, 114,900 mortalities were registered in the world, which could be related to measles, mainly of children younger than 5 years of age (25) . The vast majority (more than 95%) of measles mortalities occur in countries with low per capita income, and poor health care infrastructure (25) .
Conclusion
The epidemiological occurrence of measles in the area of four municipalities in Central Bosnia is the result of omissions in the routine immunization programme. It is necessary to improve efforts to identify the hindrances to easier acceptance of vaccines, and research methods for identification of susceptible individuals and vulnerable groups, who cannot be reached by the routine immunization programme. 
